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SUMMARY 


The aerodynamic characteristics in pitch and the control charac- 
teristics of a wing-flap combination have been determined for a wing 
having a quarter-chord line sweep of 45. 58°, an aspect ratio of 3, a 
taper ratio of 0.5, and an NACA 64A010 airfoil section measured in a 
plane at an angle of 45° to the plane of symmetry. The wing employed a 
25.4-percent-chord full-span plain flap-type control with a removable 
3eal so that the effects of a relatively small gap could be determined. 
The investigation covered a Mach number range from 0.6 to 1.17 at angles 
of attack of 0°, 4°, and 8° through a control-surface deflection range 
from -27° to approximately 5°. These data were obtained from the Langley 
high-speed 7- by 10- foot- tunnel transonic bump. 

The flap hinge-moment characteristics for which the investigation 
was primarily made indicated little variation with Mach number below a 
value of 0.90; above this Mach number pronounced increases in the slopes 
of the hinge-moment-coefficient curves against angle of attack and flap 
deflection were noted. The investigation indicated little difference 
in the aerodynamic characteristics between those of the sealed flap and 
those of the unsealed flap which had a relatively small gap. With the 
exception of the lift effectiveness of the control, the results of this 
investigation showed good agreement at subsonic Mach numbers (where the 
results were comparable) with estimated values and the experimental 
results made on a larger model at higher Reynolds number. 
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INTRODUCTION 


Only a limited number of experimental data are available at the 
present time on transonic hinge-moment characteristics. The available 
data, some of which are given in references 1 and 2, are confined to 
only a few plan forms. The primary purpose of this investigation was 
the determination of the control- surface hinge-moment characteristics 
at transonic speeds. In addition to the hinge-moment characteristics, 
however, the lift, pitching-moment, rolling-moment, and drag charac- 
teristics of the flap-airfoil combination were also determined. 

This paper presents the results of an investigation of a low-aspect- 
ratio s wept back-wing model having a full-span flap-type control with the 
gap at the nose of the flap sealed and unsealed. The results are given 
for several flap deflections from approximately -27° to 5°> and thro u g h 
a Mach number range from 0.6 to 1.17 at angles of attack of 0°, 4°, 
and 8°. A comparison is given at subsonic Mach numbers between the 
results of the present investigation and the experimental results 
obtained on a larger model at a higher Reynolds number (reference 3). 

A comparison at Mach number of 0.60 between the experimental results 
and those calculated by available estimation methods 1 s also included 
in this paper. 


COEFFICIENTS AND SYMBOLS 


c L 

Cd 

C-n 

^=0 

C m 


lift coefficient (Twice semiapan llft^ 
drag coefficient (Twice aemispan drag\ 


drag coefficient at zero lift 


o itching-moment coefficient referred to 0.25c 

( Twice s^mispan pitching moment \ 

qSc j 


Cj rolling-moment coefficient about axis parallel to relative 

wind and in plane of symmetry 
( Rolling moment of semispan model 
\ qSb 
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Ch 


S 

b 


c 

M* 


q 


y 

p 

v 

M 

M a 

Ml 

R 

a 


flap hinge-moment coefficient , 

( Flap hinge moment about hinge line of flap 

q2M« 


twice wing area of semispan model, 0.202 square foot 
twice span of semispan model, 0.778 foot 


mean aerodynamic chord of wing, 0.269 foot 



area moment of flap behind hinge line about hinge line for 
semispan wing, 0.000692 foot cubed 

effective dynamic pressure over span of model, pounds per 
square foot (K 

local wing chord parallel to plane of symmetry, feet 
spanwise distance from plane of symmetry 
mass density of air, slugs per cubic foot 
free-stream velocity, feet per second 


effective Mach number over span of model 


(ir 


cM 



average chordwise local Mach number 
local Mach number 


Reynolds number of wing based on c 
angle of attack, degrees 

flap deflection relative to wing-chord plane, measured in a 
plane perpendicular to flap hinge axis (positive when 
trailing edge is down), degrees 


5 



4 


NACA RM L51F06a 


Parameters 



The subscripts outside the parenthesis indicate the factors held 
constant during the measurement of the parameters. The slopes of the 
coefficient curves against angle of attack were obtained from cross 
plots at zero flap deflection and angles of attack of 0° and 4°. The 
slopes of the coefficient curves against angle of deflection were 
measured over a flap_deflection range of approximately ±4°. 


MODEL AND APPARATUS 


The semispan model used in the investigation had a quarter-chord 
sweep angle of 45-58°, an aspect ratio of 3* a taper ratio of 0.5, and 
an NACA 64A010 airfoil section measured in a plane at 45° to the plane 
of symmetry. The pertinent dimensions of the basic wing are given in 
figure 1. The wing was equipped with a full-span plain flap-type control 
of 25.4 percent of the chord measured parallel to the plane of symmetry. 
The flap was supported by three hinges along its span. Thin rubber seals 
were used for the sealed-gap condition. The cover plates on the rear 
part of the wing just ahead of the flap formed a gap with the nose of 
the flap that was approximately 0.0015 chord. 
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The steel model was mounted on an electrical strain-gage balance 
enclosed in the transonic bump and the moments and forces were indicated 
by Brown self-balancing potentiometers. A strain-gage beam which was 
attached to the end of the flap along the hinge line was used for 
measuring flap hinge moments. .The model was mounted through a turntable 
which rotated when the angle of attack was changed. The gap between the 
bump turntable and the model was sealed by means of sponge rubber as 
shown in figure 2. 

The investigation employed the use of two transonic bumps, the 
bump contours and the relative position of the model, and balance on 
each bump are shown in the schematic sketch in figure 3. Bump 2 is a 
modified version of bump 1 and was developed to produce a smaller Mach 
number gradient across the span of the model. (See fig. k) 

The basic data presented in this paper are from test run on bump 2. 
Some tests, however, were made on bump 1 and parameters are presented 
in the correlation for comparison of the results from the two bumps. 


TESTS 


The model was tested in the Langley high-speed 7- by 10- foot tunnel 
by utilizing the flow field over the transonic bumps to obtain Mach 
numbers from 0.6 to 1.17. Typical contours of local Mach number in the 
vicinity of the model location on the bumps are shown in figure k. The 
contours indicate a spanwise Mach number variation on bump 1 of about 
0.05 over the model semispan at low Mach numbers and from 0.08 to 0.09 
at higher Mach numbers; for bump 2 the variation in local Mach number 
is 0.02 at the lowest Mach numbers and 0.0k at the highest Mach numbers. 
The chordwise variation is generally less than 0.02 for either bump. No 
attempt has been made to evaluate the effects of this chordwise and span- 
wise Mach number variation. The dashed lines near the root of the wing 
in figure k represent the estimated extent of the bump boundary layer. 

The effective test Mach number was obtained from contour charts similar 
to those presented in figure k by using the relationship ' 

m ■ IT ^ ay 


A typical variation of Reynolds number with test Mach number is 
shown in figure 5- 
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CORRECTIONS 


A reflection-plane correction, which accounts for the carry-over 
of load to the other wing, has been applied to the parameter C 7 

6 

throughout the Mach number range tested. The correction fac- 
tor C 7 = O. 672 C 7 which was applied to the data was obtained 

^measured 

from an unpublished theoretical investigation. The aileron-effectiveness 

parameter presented herein represent the aerodynamic effects on a 

5 

complete wing produced by the deflection of the control on only one 
semispan of the complete wing. Although the corrections are based on 
incompressible conditions, it is believed that the results obtained by 
applying the corrections gives a better representation of true conditions 
than uncorrected data. Application of the correction factor to the data 
in the manner given results in the values of C being undercorrected 

at subcritical Mach numbers and probably overcorrected in the transonic 
Mach number (M > 0.95) range. Flap deflections were corrected for 
angle change due to strain- gage deflections under load. 


RESULTS AND DISCUSSION 
Presentation of Data 


The experimental variation of the aerodynamic characteristics with 
flap deflection for the flap gap sealed and open are shown in figures 6 
and 7 y respectively, for several angles of attack and Mach numbers. The 
basic data presented in figures 6 and 7 were obtained from tests on the 
transonic bump 2 and, although there is a scatter in the data, the 
faired values are believed to be representative of the data. The aerody- 
namic characteristics including the effects of the flap seal are summa- 
rized in figures 8 to 11. A comparison of the parameters from available 
estimation methods and from experimental results on the transonic 
bumps 1 and 2 (Reynolds number approximately 1.0 X 10^), and a large 
scale geometrically similar semispan model (Reynolds number k X 10°) 
(reference 3 ) are presented in figures 12 to l 6 for the flap-gap-open 
condition. 


Hinge-Moment Characteristics 

The hinge-moment parameters C h and C h (fig. 8 ) show little 

cc 

effect of Mach number below M = 0.90, but both parameters increase 
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rapidly in magnitude above M = 0.90 and values above M = 1.00 are 
more than double the subsonic values. 


The parameters show relatively little effect of the flap-nose seal 
at subsonic Mach numbers. This small effect is probably due to the 
unsealed flap having a relatively small gap (approximately 0.0015 chord) 
between the nose of the flap and the wing; this condition closely 
approximates the sealed condition. Above M = 1.00, the magnitudes 
of Cjj are approximately 10 percent greater for the unsealed flap than 


for the sealed flap, 
near M = 1.17. 


The effect, of the seal on Ci, is indicated only 

a 


Lift Characteristics 


The lift-curve-slope variation with Mach number (fig. 9 ) was rela- 
tively small as would be expected because of the sweepback and the low 
aspect ratio of the model. The parameter C T remained almost constant 


up to M = 0.90 then decreased until at M = 1.17 it was about two- 
thirds of the subsonic value. 


The lift parameters 
nose seal. 



and 



show little effect of the flap 


Pitching-Moment Characteristics 
The wing aerodynamic center as indicated by the parameter C_ 

“Cl 

(fig. 10) shoved a gradual rearward shift with Mach number up to about 
M = 0.87; above this Mach number the shift in aerodynamic center vas 
more rapid, the center moving rearward 13 percent of the mean aerodynamic 
chord in the range of Mach numbers from 0.87 to 1.17. Only a minor change 
in pitching effectiveness with Mach number is indicated by the 
parameter C™ . 


The pitching-moment parameters C and C m show little vari- 

5 

at ion between the flap sealed and unsealed conditions throughout the 
Mach number range investigated. 
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Rolling-Moment Characteristics 


The aileron-effectiveness parameter 



(fig. 11) shows little 


effect of Mach number below M = 0. 80 but does show a slight increase 
in magnitude between M = 0.80 and M = O. 87 . At Mach numbers above 
M = O .87 the parameter decreased in magnitude until at M = I.17 it 
was about two-thirds of the subsonic value. 


The parameters show no effect of the flap nose seal below M = 1.00 
and only a slight effect at Mach numbers above M = 1.00. 


Correlation of Data 

A typical comparison of the basic data from bump 2 and reference 3 
is presented in figure 12. 

A comparison is given , in figure 13 of the C h and C h values 

a n s 

obtained from tests of the model on both transonic bumps and tests of a 
larger scale model (reference 3) and from estimated values (reference 4). 
(The Reynolds number of the present investigation was approximately 
1 x 10°, whereas the results of reference 3 are for a Reynolds number 
of 4 X lO^.) The estimated and C^ values at M = 0.60 by the 

method of reference 4 compare favorably with the experimental results 
from the three test facilities. In the subsonic Mach number range there 
is a close agreement between all of the experimental results; above 
M = 1.00 there appears to be some variation in the results from the two 
bumps as C h is higher and C h is lower in magnitude for bump 1. 
a 5 

Results from the transonic bumps gave slightly higher lift-curve 
slopes than the estimated values of reference 5* and the experimental 
results of reference 3 (fig. 14). The over-all agreement of C L 

a 

between the transonic bumps and reference 3 is considered good, except 
near a Mach number of 0.90 where there is a divergence between the bump 
data and the data of reference 3* It has been suggested in reference 3 
that the data therein might have been influenced by tunnel choking at 
Mach numbers above 0.90. 

The estimated value of Cj^ was obtained by modifying the method 

of reference 6 for compressibility effects. The wing plan form was modi- 
fied by the Glauert-Prandtl transformation (reference 7), and the resulting 
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Ct 1 was modified by the following equation: 


yL 5 


•V 




M* 


where * is the lift-effectiveness parameter estimated by the methods 

8 

of reference 6 after modifying the wing geometric characteristics by the 
Glauert-Prandtl transformation. 


The lift-effectiveness parameter 



obtained from tests on the 


transonic bumps and the estimated value at M = 0.60 were considerably 
lower than those of reference 3 (fi g. 14). These discrepancies are not 
explainable, particularly in view of the good agreement of the other 
parameters. 


Excellent agreement was obtained for the pitching-moment param- 
eter C- between the transonic bumps and the data reported in refer- 

ence 3 (fig. 15) • At Mach numbers less than 0.90 the agreement of C 

o 

from the three sources is good, but near M = 0.90 there is a divergence 
between bump data and the data of reference 3 , and for M > 0.96 differ- 
ences in bump results are evident. 


At M = 0.60 the experimental values of aileron-effectiveness are 

in close agreement with the estimated value of C 7 (fig. ll) which was 

1 5 

obtained by modifying the method of reference 6 for compressibility 

effects in a manner similar to that used to estimate C T . 

L S 


The drag at zero lift (fig. 16) for the model on the transonic bump 2 
was in fair agreement with the values obtained from the investigation of 
the larger scale model of reference 3 * 


CONCLUDING REMARKS 


An investigation at transonic speeds of the aerodynamic character- 
istics of a sweptback wing having a sealed and unsealed full-span flap- 
type control indicated that the characteristics would be relatively the 
same for small gaps (approximately 0.0015 chord) as for a sealed flap. 
The flap hinge-moment coefficients for given angles of attack or flap 
deflection showed little variation with Mach number below a value 
of 0.90 but showed large increases above a Mach number of 0.90. With 
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the exception of the lift effectiveness of the control, the results of 
this investigation showed good agreement at subsonic Mach numbers (where 
the results were comparable) with estimated values and the experimental 
results made on a larger model at higher Reynolds number. 


Langley Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va. 
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Figure 1.- General arrangement of model on bump 2. 
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Figure 3-- Schematic sketch of relative sizes of the transonic humps and 
the position of model and balance on the transonic bump as mounted in 
the Langley high-speed 7- by 10- foot tunnel. Dimensions are in inches. 
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Figure 6.- Continued. 
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Figure J.- Variation of aerodynamic characteristics with flap deflection 
for various Mach numbers and angles of attack. Flap gap open. 
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Figure 7*- Continued- 





Figure 7-~ Continued 
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Figure 11.- Variation of aileron effectiveness parameter with Mach number. 

Bump 2. 
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Figure 13.- Comparison of hinge-moment parameters obtained from the three 

test facilities. Flap gap open. 
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Figure 14.- Comparison of lift parameters obtained from the three test 

facilities. Flap gap open. 
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Figure 1 6 .- Comparison of model minimum-drag coefficients obtained from 
Ames 12-foot pressure tunnel and transonic bump 2. Flap gap sealed 
or open. 
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